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Abstract. Children in low-income countries experiencemultiple illness symptoms in early childhood. Breastfeeding is
protective against diarrhea and respiratory infections, and these illnesses are thought to be risk factors of one another, but
these relationships have not been explored simultaneously. In the eight-site MAL-ED study, 1,731 infants were enrolled
near birth and followed for 2 years. We collected symptoms and diet information through twice-weekly household visits.
Poisson regression was used to determine if recent illness history was associated with incidence of diarrhea or acute
lower respiratory infections (ALRI), accounting for exclusive breastfeeding. Recent diarrhea was associated with higher
risk of incident diarrhea after the first 6 months of life (relative risk [RR] 1.10, 95% confidence interval [CI] 1.04, 1.16) and
with higher risk of incident ALRI in the 3- to 5-month period (RR1.23, 95%CI 1.03, 1.47). Feverwas a consistent risk factor
for both diarrhea and ALRI. Exclusive breastfeeding 0–6 months was protective against diarrhea (0–2 months: RR 0.39,
95%CI 0.32, 0.49; 3–5months: RR 0.83, 95%CI 0.75, 0.93) and ALRI (3–5months: RR 0.81, 95%CI 0.68, 0.98). Children
with recent illness who were exclusively breastfed were half as likely as those not exclusively breastfed to experience
diarrhea in the first 3 months of life. Recent illness was associated with greater risk of new illness, causing illnesses to
cluster within children, indicating that specific illness-prevention programs may have benefits for preventing other
childhood illnesses. The results also underscore the importance of exclusive breastfeeding in the first 6 months of life for
disease prevention.
INTRODUCTION
Children in low-income countries are exposed to numerous
infections in early life either concurrently or within a short
timeframe because of high rates of infectious diseases and
pathogens in their environments, poor nutritional status, and
immune function, and lack of access to health care. Studies of
childhood illness often focus on a specific disease in a pop-
ulation,1 andmortality studies often attribute a single cause of
death, even if multiple illnesses were present.2 Comorbidities
in low-income populations have not been fully explored, nor
has the distribution of illnesses over time.
Illnesses are not likely to be evenly distributed in a pop-
ulation. Prevalence and incidence estimates can be mis-
leading as they represent an average burden of disease in a
population; however, many children may not experience the
illness at all, whereas other children may have persistent or
recurring illnesses. In addition, children may experience mul-
tiple illnesses concurrently or consecutively, increasing the
risk of severe disease or death.3 If there are particularly vul-
nerable children within a population who experience multiple
illnesses or a greater number of days with illnesses, targeting
interventions to them may more efficiently improve the health
of the community.
Lower respiratory diseases and diarrhea are common ail-
ments in children in low-income countries, and, after neonatal
causes, continue to be the second and third leading causes of
mortality in children under the age of five.2 Importantly, there is
evidence that diarrhea is a risk factor for lower respiratory
infections,4–6 highlighting the risks of consecutive or comor-
bidities as the prevalence of any single illness fails to give a
complete picture of the infectious disease burdens. Exclusive
breastfeedinghasbeen found toprotectagainstbothdiarrhea7–13
and acute lower respiratory infections (ALRI),9,14 but little has
been published that considers both the history of illness and
breastfeeding practices, and how those factors relate to risk
of ALRI and diarrhea.
The Etiology, Risk Factors, and Interactions of Enteric In-
fections and Malnutrition and the Consequences for Child
Health and Development (MAL-ED) study is a longitudinal
cohort in eight study sites.15 MAL-ED field sites collected
caregiver reports of the daily presence of symptoms the child
experienced from near birth to 24 months of age.16 Together,
these data enable us to identify the most common symptoms
co-circulating in these communities, relate illnesses defined
within the study to thoseobservedand reportedbycaregivers,
and determine temporal relationships and coincidence of
different symptoms over time. In addition, we are able to de-
termine if the illness burden in a site is driven by a subset of
vulnerable children and estimate the relationship between
recent history of diarrhea, ALRI, or fever and future risk of
episodes.
METHODS
The MAL-ED study was conducted at eight different sites
from November 2009 to February 2014: Bangladesh (Dhaka:
BGD), India (Vellore: INV), Nepal (Bhaktapur: NEB), Pakistan
(Naushehro Feroze: PKN), Brazil (Fortaleza: BRF), Peru (Loreto:
PEL), South Africa (Venda: SAV), and Tanzania (Haydom:
TZH).15Childrenwereenrolledwithin 17daysofbirthandvisited
*Address correspondence to Laura E. Caulfield, Johns Hopkins
University, 615NorthWolfe St., W2041, Baltimore,MD 21205. E-mail:
lcaulfi1@jhu.edu
†See appendix for a complete list of investigators.
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twice a week by well-trained fieldworkers who collected daily
information about symptoms using harmonized and standard-
ized data collection forms.16 Field workers asked caregivers if
the childwas ill or had any symptoms for each day since the last
visit.Onaverage, caregiverswerevisited in their homes99 times
peryear (meansat thesites ranged from92to101visitsper year)
to inquire about the last 3 days. Symptom prevalence per child
was calculated as the sum of days with a symptom divided by
the days followed in the study, multiplied by 100.
The MAL-ED protocol defined diarrhea as three or more
loose stools in 24 hours, or at least one loose stool with
blood.17 Diarrhea episodes were separated by two diarrhea-
free days.18 The study definition of ALRI wasmet when a child
had 1) cough or shortness of breath (on the day of the visit or
the previous day) and 2) a rapid respiratory rate on the day of
the visit (average of two measurements taken by the field
worker).19 A rapid respiratory rate was defined according to
the age of the child using World Health Organization (WHO)
guidelines (<60daysold:³60breaths/minute;60–364days:³50
breaths/minute; and ³ 365 days of age: ³ 40 breaths/minute).20
ALRI episodes were separated by 14 ALRI-free days. The daily
number of symptoms was calculated by adding together
symptoms reported on each day. Fieldworkers also recorded
instances of hospitalization.
Breastfeeding and other basic feeding characteristics were
recorded for the day before the fieldworker visit.21 In this co-
hort, < 60% of children were exclusively breastfed (EBF) be-
yond 1 month of age,22 although often mothers reported
giving non-breast milk foods to their children and then
returning to exclusive breastfeeding.23 Because of this, to
evaluate the role of exclusivebreastfeedingondisease risk, for
each day of follow-up, we calculated the percentage of days
with exclusive breastfeeding during the past 30 days and then
categorized feeding based on whether they were exclusively
breastfed less than, or more than or equal to 50% of the pre-
vious month.
Weightwasmeasuredat baseline andat eachmonthof age.
Weight-for-age z-scores (WAZ) were calculated using the
WHO program for Stata version 12.1 (StataCorp, College
Station, TX).
The MAL-ED project generated a socioeconomic status
(SES) composite indicator variable that could be compared
across study sites. The SES construct combines access to
improved Water and sanitation, Assets, Maternal education,
and average monthly household Income into a score (WAMI)
that ranges between 0 and 1.24 The SES variables were col-
lected at 6, 12, and 18 months, and given the low temporal
variability, the WAMI values were averaged for each child. We
also collected information on the mother’s age and the num-
ber of children the mother had at the time of her infant’s en-
rollment into the cohort.
To determine if the symptoms were distributed evenly
throughout the cohorts or if they clustered in vulnerable chil-
dren, we produced cumulative distribution plots to visually
compare thepercent of children in eachsitewith thepercent of
days with illness that each child contributed. Separate plots
were produced for any major symptom (any day with ALRI,
diarrhea, cough, fever, or vomiting), diarrhea, and ALRI. Be-
cause more common symptoms are found more frequently in
combination with other symptoms by chance alone, we
assessed the likelihood of comorbidity pairs using bivariate
probit regression (Stata version 14.2; StataCorp). Bivariate
probit regression involves two binary dependent variables
(e.g., diarrhea and ALRI) and assesses the likelihood that the
two dependent variables occur simultaneously, controlling for
site as a fixed effect and clustering within children (as a ran-
dom effect).25 Each bivariate probit model was run, with pairs
of symptoms as the outcome variables, after which we com-
pared the correlation between the model residuals. A statis-
tically significant (P < 0.05) correlation coefficient suggests
that the two symptoms were found together more frequently
than would be expected by chance alone.
A Poisson regression model (Proc GLIMMIX, SAS 9.3, SAS
Institute, Cary, NC) was used to estimate the risk of incident
ALRI and diarrhea as a function of having had diarrhea or fever
in the past 30 days (and in the case of the diarrhea outcome,
history of ALRI, as well), adjusting for other risk factors and
accounting for repeatedmeasureswithin the samechildwith a
child-level random intercept. The outcomes of interest for the
Poisson models were daily incidence of diarrhea or ALRI be-
causeof their importance in theglobal burdenofmorbidity and
mortality as well as their reported interrelationship.2,4,5 The
model controlled for changing age patterns of illness with the
inclusion of a linear spline with seven evenly spaced knots.
Seasonality was considered for inclusion but was not found
to be necessary in the model. The model controlled for WAZ
at the most recent visit as an indicator of recent nutritional
status. The mean WAMI (multiplied by 10 for model inclusion)
was included to account for household-level factors that
relate to environmental enteropathogenexposures26; similarly
whether a child was first-born was included to addresswithin-
household transmission between siblings.27 Maternal age (in
5-year increments) was included to control for maternal ex-
perience in recognizing and reporting symptoms.26 Maternal
education was not independently included given that it is a
component of the WAMI construct. Child’s sex was included
based on sex differences in the risk of illness that have been
reported in the literature.28–32 The sites were included as fixed
effects to adjust for local disease prevalence, and history of
hospitalizations was included to adjust for access to health
care, as well as to ascertain any short-term morbidity risks
associated with recent hospitalization. Whether the child was
mostly exclusively breastfed (> 50% of the past month during
the first 3 months of life) was also included because of the
long-standing evidence that exclusive breastfeeding is as-
sociated with lower rates of illness.13,14,33 Reported diarrhea,
ALRI, and fever in the 30 days before each day of follow-up
were included as independent variables in the models. Illness
risk factors were evaluated separately for the 0–2, 3–5, and
³ 6 month age periods. An interaction between morbidities and
breastfeeding in the first 3 months of life was included be-
cause of observed improvement in Quasi-likelihood under the
independence model criterion. The figures in this article were
produced using R 3.3.2 (Foundation for Statistical Computing,
Vienna, Austria).
RESULTS
Cohort description. More than 80% of the 2,145 children
who were enrolled in the cohort were followed for 2 years
(range 66–95% among sites, Table 1). Nineteen children from
the cohort died during the follow-up, and the suspected
causes of death included neonatal disorders, respiratory in-
fections, and diarrhea. Five percent to 33% of the enrolled
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cohorts dropped out of the study for a variety of reasons (the
most common was the family moving out of the study area),
with the lowest dropout rates in NEB and the highest in PEL
and BRF. Of the 1,731 children included in the analysis, ap-
proximately one-third were first-born, except in TZH, where
only 9% were first-born children and mothers were, on aver-
age, theoldest among the sites (29comparedwith theaverage
across all sites of 26 years of age). Baseline WAZ ranged
from−4.8 to 2.5, and themeanwas lowest in PKN (−1.4).Mean
WAMI was lowest in TZH (0.22) and highest in BRF (0.83). On
average, children were exclusively breastfed for less than
2 months (range 0.4 months in PKN to 3.4 months in BGD)
using the traditional metric of ending exclusive breastfeeding
once the child is fed anything other than breast milk.
Symptom prevalence. Among those children followed for
2 years, PKN had the highest mean prevalence of illness
reported by the caregiver (72% of days followed) and the
highest prevalence for most of the individual symptoms
(Table 2). Coughing was the most frequently reported symp-
tom overall, with mean prevalence ranging from 3% in BRF,
SAV, and TZH to 27% in PKN. The prevalence of ear pain was,
onaverage, over seven timesmore common inPKN than in the
next highest site (INV). Similarly, mean ALRI prevalence was
almost six timesmore common inPKN than in the next highest
site (INV). In five of the study sites, > 90% of the children
experienced at least one episode of diarrhea during the first
2 years of life (two sites reported 100%). By contrast, in BRF
and SAV only slightly more than half of the children experi-
encedanydiarrheaduring the first 2 years of life. ALRIwas less
common than diarrhea in most sites; < 50% of children
experienced any ALRI in four sites, and only one site (PKN)
had > 90% of children identified as having had an ALRI.
TABLE 1
Subjects included in the final analysis, N (%), and cohort characteristics
Southern Asia Latin America Sub-Saharan Africa
BGD PKN INV NEB BRF PEL SAV TZH Total
Enrolled 265 277 251 240 233 303 314 262 2,145
Died 3 (1) 8 (3) 2 (1) 0 (0) 0 (0) 2 (0.7) 1 (0.3) 3 (1) 19 (1)
Dropped out 49 (18) 17 (6) 21 (8) 12 (5) 65 (28) 101 (33) 80 (25) 46 (18) 391 (18)
Followed 2 years 213 (80) 252 (91) 226* (90) 228 (95) 168 (72) 199* (66) 232* (74) 213 (81) 1,731* (81)
Cohort characteristics
Boys (%) 49 51 54 46 46 46 49 49 49
First born (%) 39 22 34 43 31 36 35 9 31
Mean maternal age at
baseline (SD)
25 (5) 28 (6) 24 (4) 27 (4) 25 (6) 25 (6) 27 (7) 29 (7) 26 (6)
Mean baseline†WAZ (SD) −1.27 (0.9) −1.41 (1.1) −1.30 (1.0) −0.91 (1.0) −0.16 (1.0) −0.65 (0.9) −0.36 (0.9) −0.13 (0.9) −0.80 (1.1)
Mean WAMI (SD)‡ 0.54 (1.2) 0.49 (1.8) 0.48 (1.5) 0.70 (1.3) 0.83 (0.9) 0.54 (1.1) 0.78 (1.0) 0.22 (1.1) 0.57 (2.2)
Mean months of exclusive
breastfeeding
3.4 0.4 2.5 1.9 2.3 1.3 1.0 1.5 1.8
Exclusively breastfed > 3
months (%)
58 0.4 39 27 30 17 2 10 22
BGD = Bangladesh—Dhaka; BRF = Brazil—Fortaleza; INV = India—Vellore; NEB = Nepal—Bhaktapur; PEL = Peru—Loreto; SAV = South Africa—Venda; SD = standard deviation; TZH =
Tanzania—Haydom; WAMI = water, assets, maternal education, and income; WAZ = weight-for-age z-scores.
* Two children did not have anyWAMI information (one from Peru and one from South Africa) and two children did not have any information related to their birth order or maternal age (from India)
and were, therefore, dropped.
†Children were enrolled and measured within 17 days of birth.
‡WAMI was assessed up to three times during follow-up and the mean score over the 2-year period was calculated.
TABLE 2
Mean symptom prevalence (%) in children 0–24 months in the MAL-ED cohort study
Site BGD PKN INV NEB BRF PEL SAV TZH
Any symptom 43 47 18 15 4 28 4 7
Diarrhea* 4 9 2 3 1 5 0.4 1
% Children with any diarrhea 97 100 92 94 56 100 59 83
ALRI† 0.3 13 2 1 0.1 0.3 0.3 0.1
% Children with any ALRI 47 99 81 68 18 55 35 45
Vomiting 8 11 2 1 0.2 1 0.4 1
Fever 6 13 6 5 1 4 1 2
Cough 26 27 10 9 3 22 3 3
Ear pain 1 11 1 1 0.1 0.1 0.4 1
Dehydration 0.1 2 0.1 0.1 0 0.3 0 0.1
Decreased appetite 18 0.4 3 0.2 0.1 4 1 3
Decreased activity 0.2 0 1 0.2 0 1 1 2
Caregiver report of illness 53 72 42 16 5 6 5 10
%Symptom days with caregiver report of
illness
84 99 96 97 92 19 83 92
% Days with caregiver report of illness
with any symptom
67 65 41 88 64 94 79 63
ALRI = acute lower respiratory infections;BGD=Bangladesh—Dhaka;BRF=Brazil—Fortaleza; INV= India—Vellore; NEB=Nepal—Bhaktapur; PEL=Peru—Loreto; SAV=SouthAfrica—Venda;
TZH = Tanzania—Haydom.
* The study definition of diarrhea is three or more loose stools in 24 hours or at least one loose stool with blood.
†The study definition of ALRI is met when 1) Child had cough or shortness of breath (today or yesterday) and 2) Rapid respiration rate today (average of twomeasurements) as defined by a) ³ 60
breaths/minutewhen child is < 60daysold, b)³ 50breaths/minutewhen child is ³ 60 to < 365daysof age, and c) ³40breaths/minutewhen child is ³365daysof age. ALRI episodesare separatedby
14 ALRI-“free” days.
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Distribution of symptoms. Illnesses were not evenly dis-
tributed throughout the population (Figure 1). At the different
study sites, between 46% and 65% of children were reported
to have 80% of days with illness (combining caregiver reports
of ALRI, diarrhea, cough, fever, or vomiting). For diarrhea,
between 29% and 54% of children were responsible for 80%
of diarrhea days in the cohorts, and for ALRI, between 8%and
43% of children were responsible for 80% of the ALRI days.
Most of the days with defined symptoms coincided with
caregiver report of nonspecified “illness,” with the exception
of PEL, where only 19% of days with reported symptoms
coincided with illness defined by the caregiver (Table 2). On
those days when symptoms were reported but the caregiver
did not report that the child was ill in PEL, cough was themost
common symptom (noted on 83%of those days), followed by
diarrhea (noted on 14% of those days). Across the sites, ap-
proximately one-third of the caregivers’ reports of child illness
did not identify a specific symptom. Most of the symptoms
experienced by the children were experienced in isolation
(62%) or along with one other symptom (24%) (Supplemental
Figure 1). Among the reports of a single symptom, most of the
children had cough, followed by fever and diarrhea. Because
of the high frequency of cough in the cohort, it was often re-
ported as part of the most common symptom combinations.
Whenadjusting for symptomprevalence using bivariate probit
analysis, cough and fever (mean correlation coefficient 0.52),
vomiting and fever (0.39), and diarrhea and vomiting (0.39)
were the top two-symptom combinations that appeared
more often than would be expected by chance (P < 0.05)
(Supplemental Table 1).
Monthly diarrhea, ALRI, and fever prevalence were highest
in PKN (Figure 2, Supplemental Figure 2). Diarrhea prevalence
increased over the first 6 months of life in four of the sites. In
the remaining four sites, the mean diarrhea monthly preva-
lence either stayed low and relatively constant (BRF, SAV, and
TZH) or decreased over time (PKN). Two peaks of ALRI
monthly prevalence were observed most clearly in PKN and
INV (5 and 13 months); these peaks are likely due to the
changing definition of ALRI at 12 months of age. The defini-
tional change at 12 months decreases the number of breaths
per minute required for ALRI diagnosis from ³ 50 to ³ 40.
Risk of incident diarrhea model. Exclusive breastfeeding
wasprotective against incident diarrhea in the first 6months of
life. Children without recent symptoms of diarrhea, ALRI, or
fever who were exclusively breastfed for more than half of the
past month during the 0–2 and 3–5 month time periods had
lower relative risk (RR) of incident diarrhea than did children
who were not exclusively breastfed for at least half of the past
month (Figure 3; Table 3). When children < 3 months of age
experienced illness symptoms (diarrhea, fever, or ALRI in the
past 30 days), exclusive breastfeeding was protective against
incident diarrhea when compared with children who were not
exclusively breastfed in these cohorts.
Other factors associated with incident diarrhea include ill-
ness, recent hospitalization, and SES. Fever in the previous
30 dayswas associatedwith greater RR of incident diarrhea in
the 3–5 month period (RR 1.45, 95% confidence interval [CI]
1.30, 1.62). For children older than 6 months of age, diarrhea
and fever in the previous 30 days were both associated with
higher risk of incident diarrhea (diarrhea: RR 1.10, 95% CI
1.04, 1.16; fever: RR 1.40, 95% CI 1.33, 1.47). Hospitalization
in the previous 30 days was associated with higher risk of
incident diarrhea (RR 1.23, 95% CI 1.06, 1.43), as was higher
WAZ (RR 1.06, 95%CI 1.03, 1.09). Factors that were found to
protect against incident diarrheawere higher SES (RR0.97per
10% increase inWAMI, 95%CI 0.94, 0.99) and being the child
of an older mother (RR 0.95 per 5 years of maternal age, 95%
CI 0.91, 0.98).
Risk of incident ALRI model. Exclusive breastfeeding was
protective against incident ALRI in the 3- to 5-month period
(RR 0.81, 95%CI 0.68, 0.98), but had no apparent relationship
with ALRI in the first 3 months of life (RR 1.11, 95% CI 0.75,
1.66) (Figure 3). In addition, no relationship was observed
between exclusive breastfeeding and history of symptoms on
the risk of ALRI in the first 3 months of life.
Fever and recent hospitalization were two of the strongest
risk factors for incident ALRI in the cohort. Fever in the pre-
vious month was consistently associated with increased
chance of ALRI in all age groups (0–2 EBF RR 3.45, 95% CI
2.47, 4.81; 0–2 not EBF: RR 2.55, 95% CI 1.74, 3.74; 3–5: RR
2.27, 95% CI 1.89, 2.74; > 6: RR 3.06, 95% CI 2.78, 3.38).
Diarrhea was associated with a higher risk of ALRI only in the
3- to 5-month age group (RR 1.23, 95% CI 1.03, 1.47). Hos-
pitalization in the pastmonthwas associatedwith a 1.95 times
higher risk of incident ALRI (95%CI 1.58, 2.41), and girls had a
lower incidence of ALRI than boys (RR 0.87, 95% CI 0.80,
0.96). Higher WAMI was protective of incident ALRI (RR 0.94,
95% CI 0.91, 0.97), as was older maternal age (RR 0.92, 95%
CI 0.88, 0.97). Children who did not have older siblings were
also less likely to have incident ALRI (RR 0.86, 95% CI 0.76,
0.96). ALRI in the previous month appeared to be protective
against incident ALRI, likely for definitional reasons (the re-
quirement of 14 ALRI-free days to define a new episode re-
duces by almost half the number of days in which ALRI can be
diagnosed in any 30-day period), and therefore, was not in-
cluded in the final model.
DISCUSSION
The MAL-ED study is a comprehensive cohort study that
collected detailed data on a variety of symptoms across the
first 2 years of life in eight disparate sites. Symptoms were not
evenly distributed among the children in the eight study
populations. The majority of illness symptoms (80%) were
concentrated in around half of the children and although the
distribution of diarrhea followed that of all grouped illnesses,
ALRI were more highly concentrated in as few as 8% of chil-
dren. Both BRF and SAV had the most skewed concentration
of symptoms in the fewest children, but equally had the fewest
reported days of illness. This is unlikely to reflect any disparity
betweenmaternal and trained fieldworker reports, which were
highly correlated in most sites. Most of the symptoms existed
on their own or along with one other symptom; three or more
concurrent symptomswere seen on 14%of the days with any
symptoms, with the highest percentages in PKN and TZH
(Supplemental Figure 1).
Exclusive breastfeeding in the first 6 months of life was
protective against incident diarrhea, and in the 3- to 5-month
period was protective against incident ALRI in the MAL-ED
cohort. Children who were exclusively breastfed for at least
half of the previous 30 days were less likely to experience
diarrhea, and this was true whether they had experienced
other illnesses in the past 30 days. The potential mecha-
nisms by which exclusive breastfeeding may protect against
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diarrhea and ALRI include the immune-boosting properties of
breastfeeding itself and, for diarrhea, reduced exposure to
contaminated water or food.33,34 The findings reinforce the
importance of exclusive breastfeeding as amethod to prevent
diarrhea and ALRI in early childhood.
Previous studies have reported on the importance of
breastfeeding for reducing morbidity and mortality due to
pneumonia9,12,14 and diarrhea.7–13 In this cohort, < 60% of
children were exclusively breastfed beyond 1 month of age
when strictly defining the endof exclusive breastfeeding at the
first timeother foodsordrinks are introduced.22However, it has
been noted in this cohort that mothers may introduce non-
breast milk items to the diet and then return to exclusive
breastfeeding.23 Considering a more standard approach to
exclusive breastfeeding (strictly defining exclusively breastfed
children as not having receivedanynon-breastmilk item in their
FIGURE2. Diarrhea,ALRI,and feverprevalence (%)byage inmonthsandbysite.ALRI=acute lower respiratory infections;BGD=Bangladesh—Dhaka;
BRF =Brazil—Fortaleza; INV = India—Vellore; NEB =Nepal—Bhaktapur; PEL = Peru—Loreto; SAV = South Africa—Venda; TZH = Tanzania—Haydom.
FIGURE 1. Cumulative distribution function showing percent of children on x axis and percent of cohort days with illness (ALRI, diarrhea, cough,
fever, or vomiting), diarrhea, andALRI, by site. ALRI=acute lower respiratory infections;BGD=Bangladesh—Dhaka;BRF=Brazil—Fortaleza; INV=
India—Vellore; NEB = Nepal—Bhaktapur; PEL = Peru—Loreto; SAV = South Africa—Venda; TZH = Tanzania—Haydom.
908 RICHARD AND OTHERS
diet) resulted in most children falling into the non-exclusively
breastfed group. For that reason, we chose to compare the risk
of illness in children who were exclusively breastfed more than
half of the days in the pastmonthwith that of childrenwhowere
given non-breast milk food or liquidsmore than half of the days
in the past month. Even with this more relaxed definition of
exclusive breastfeeding, we identified protective effects of ex-
clusive breastfeeding on incidence of diarrhea and ALRI.
This study has demonstrated that recent history of diarrhea
is a risk factor for incident diarrhea, a findingwhich is supported
TABLE 3
Incident diarrhea and ALRI model output
Variable
Diarrhea ALRI
Unadjusted Adjusted Unadjusted Adjusted
Relative risk (RR) 95% CI RR 95% CI RR 95% CI RR 95% CI
Hospitalization 1.35* 1.16, 1.57 1.23* 1.06, 1.43 2.48* 2.01, 3.05 1.95* 1.58, 2.41
Weight-for-age z-score 1.02 1.00, 1.05 1.06* 1.03, 1.09 0.99 0.95, 1.03 1.03 0.99, 1.07
Water, assets, maternal education,
and income
0.97 0.95, 1.00 0.97* 0.94, 0.99 0.93* 0.90, 0.97 0.94* 0.91, 0.97
First-born 0.95 0.87, 1.03 0.90* 0.83, 0.99 0.89 0.80, 1.00 0.86* 0.76, 0.96
Maternal age (5 year increments) 0.97 0.94, 1.00 0.95* 0.91, 0.98 0.96 0.92, 1.01 0.92* 0.88, 0.97
Sex (girl = 1) 0.92* 0.85, 0.99 0.93 0.86, 0.99 0.83* 0.76, 0.91 0.87* 0.80, 0.96
0–2 months—exclusively
breastfed
No symptoms 0.52* 0.45, 0.60 0.39* 0.32, 0.49 1.17 0.92, 1.47 1.11 0.75, 1.66
Diarrhea 0.86 0.71, 1.05 0.58* 0.44, 0.76 1.56* 1.10, 2.19 1.03 0.63, 1.67
Fever 0.87 0.72, 1.04 0.72* 0.58, 0.88 3.43* 2.51, 4.69 3.45* 2.47, 4.81
ALRI 0.93 0.67, 1.30 0.52* 0.35, 0.77 – – – –
0–2 months—not
exclusively breastfed
No symptoms – – – – – – – –
Diarrhea 1.26* 1.03, 1.56 1.26* 1.00, 1.59 1.60* 1.11, 2.29 1.36 0.91, 2.04
Fever 1.32* 1.09, 1.60 1.18 0.95, 1.46 2.94* 2.10, 4.11 2.55* 1.74, 3.74
ALRI 1.16 0.92, 1.46 1.02 0.80, 1.31 – – – –
3–5 months Exclusive
breastfeeding
0.82* 0.74, 0.91 0.83* 0.75, 0.93 0.78* 0.65, 0.93 0.81* 0.68, 0.98
Diarrhea 1.09 0.98, 1.21 1.03 0.92, 1.15 1.25* 1.06, 1.47 1.23* 1.03, 1.47
Fever 1.43* 1.30, 1.58 1.45* 1.30, 1.62 2.37* 1.99, 2.83 2.27* 1.89, 2.74
ALRI 1.12 1.00, 1.25 1.04 0.92, 1.18 – – – –
6–24 months Diarrhea 1.13* 1.06, 1.19 1.10* 1.04, 1.16 1.22* 1.12, 1.34 1.07 0.98, 1.17
Fever 1.38* 1.31, 1.46 1.40* 1.33, 1.47 3.12* 2.84, 3.43 3.06* 2.78, 3.38
ALRI 0.95 0.89, 1.01 0.89* 0.83, 0.95 – – – –
ALRI=acute lower respiratory infections;CI =confidence interval. Poisson regressionmodelswere run for incidentdiarrheaandALRI using thesamecovariates, aswell as randomeffects for child.
In addition to the variables shown below, fixed effects were included for age (seven evenly spaced knots) and study site. Unadjusted values only include that variable, age spline, and study site,
whereas the adjusted values include all of the other variables in the model.
*P < 0.05.
FIGURE 3. Risk ratio of diarrhea (A, figures in top row) and acute lower respiratory infections (ALRI) (B, figures in bottom row) associated with
history of diarrhea and fever (and ALRI in the diarrheamodel) in the past 30 days. Interaction with exclusive breastfeeding (exclusively breastfed for
the majority of the past 30 days) was included in the first 3 months of life. Also included in the model are hospitalizations, weight-for-age z-score,
water, assets, maternal education, and income, first-born, maternal age, sex, age, and study site, and random effects for child.
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by similar observations in the literature.28,35–37 Diarrhea in the
past 30 days was a risk factor for incident diarrhea in the 6- to
24-month age group, as well as in the first 3 months of life
amongchildrenwhowerenot exclusivelybreastfed themajority
of thepastmonth. It ispossible that childrenwhohave recurrent
diarrhea do so because of child-specific factors, such as gut
dysfunction resulting from previous enteropathogen expo-
sure,38 decreased immune function due to nutrient deficiency
(e.g., zinc),39 or noninfectious factors, such as allergies or irri-
table bowel syndrome.40 In addition, theremight be household
factors related to water and sanitation or other means of expo-
sure topathogens thatmight result in recurrentdiarrhea inachild.
More targeted experimental research would be needed to eluci-
date those factors that result in recurrent diarrhea todecrease the
childhood morbidity and mortality burden in these communities.
Diarrhea has been found to be a risk factor for incident ALRI
in previous studies,4–6,41 as well as in this study, although the
association was statistically significant only in the 3- to 5-
month age group. Short-term effects of diarrhea, including
zinc losses and immune dysfunction, as well as the more
general or long-term potential effects of diarrhea, such as
stunting, are some of the pathways posited to explain this
relationship. Unlike the other works published on this re-
lationship, we included both diarrhea and fever in the same
model, andwhen fever was controlled for in the analysis, the
diarrhea relationship became nonsignificant (Table 3). Two
of the previous studies that found these relationships
considered the number of days with diarrhea in the previous
period,4,5 whereas we considered diarrhea history to be a
binary exposure variable (yes or no in the previous month)
due to sample size constraints. This categorization of di-
arrhea history did not allow us to observe the effects that
others have described for each additional day of diarrheal
disease.
With respect to other risk factors concerned, fever was a
consistent and strong risk factor for both incident diarrhea and
ALRI. It is likely that caregivers observed health changes be-
fore the onset of diarrhea or ALRI symptoms, with fever being
oneof the clearer symptoms that caregiverswould recall when
describing illness histories. Hospitalization within the past
30 days was also associated with greater risk of both diarrhea
and ALRI in all age groups. A child who has been hospitalized
may be more likely to be exposed to enteric or respiratory
pathogens while hospitalized and more susceptible (because
they have been severely ill). In addition, children who have
had a recent illness or were hospitalized may have received
antibiotics that can cause antibiotic-associated diarrhea.
Higher WAZwas also associated with a small but significantly
higher risk of diarrhea. This counter-intuitive finding deserves
further study but we hypothesize that weight loss is associated
with having diarrhea; therefore, one might be heavier before a
diarrhea episode than during or immediately after an episode.
Some protective factors were identified in this analysis.
Higher SES (WAMI) and older maternal age were protective
against both diarrhea and ALRI. Households with higher SES
have better access to water and sanitation, as well as pre-
sumably better access to good nutrition and other health-
promoting factors, thereby decreasing risk of diarrhea and
ALRI. Older mothers are also likely to have greater access to
resources,whichmay reduceexposure to infectiousdiseases.
First-born children were less likely to experience diarrhea and
ALRI, although the relationship was only statistically
significant for ALRI. It is likely that older siblings bring infec-
tions into the household, for example, respiratory infections.
Consistent with previous findings,31,32 girls were less likely to
experience ALRI than boys, attributed to boys’ smaller airway
size at the same ages, adjusted for size.42
These findings confirm previous reports that children who
have had an episode of diarrhea are at greater risk of experi-
encing additional episodes and, given that they then contrib-
ute more to estimates of disease prevalence and potentially
spread more infectious agents into the environment, should
be targeted for public health programs. In addition, diarrhea is
associated with a higher risk of ALRI; therefore, diarrhea-
prevention programs (e.g., water and sanitation) can poten-
tially have an impact not only on diarrhea burden in a
community, but also can reduce the burden of ALRI. Finally,
exclusive breastfeeding for the first 6 months of life has the
potential to protect against both diarrhea and ALRI in early
childhood, while providing complete nutrition to the child.
Continued and strengthened promotion of exclusive breast-
feeding during the first 6 months of life is recommended to
decrease morbidity and mortality, with the ultimate goal of
promoting adequate growth and development.
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